No golden standard for analgesia in video-assisted thoracic surgery (VATS) lobectomy exists. A simple multimodal approach using an intercostal catheter (ICC) may be of benefit since acute post-operative pain following VATS lobectomy primarily originates from the chest drain area.
INTRODUCTION
For early post-operative pain management after thoracotomy, thoracic epidural analgesia (TEA) and paravertebral block (PVB) have long been considered the golden standards [1] . However, optimal post-operative analgesia after video-assisted thoracic surgery (VATS) lobectomy remains an open issue [2] . The use of extrapleural, interpleural and direct intercostal nerve blocks in thoracotomy has been described in detail [3] , but not so for VATS lobectomy. In a recent study of 36 thoracic centres in the UK, 50% of thoracic anaesthesiologists preferred PVB supplemented by intravenous patient-controlled analgesia [4] . However, studies on regional analgesics following VATS surgery have had short follow-up time [5] , used single-shot techniques [6] [7] [8] or have mixed surgery with biopsies, wedge resections and lobectomies [5, 6, 9, 10] . Our clinical experience supported by reports from the literature [5-7, 9, 11] confirmed that post-operative pain after VATS lobectomy, without the use of retractors or rib spread, primarily originates from the chest drain area. Although PVB is considered to cause fewer side effects than TEA, while maintaining a comparable analgesic effect [12] , the use of a single intercostal catheter (ICC) may reduce unwanted systemic effects, offer satisfactory analgesia and may be easier to master than PVB [13] .
We hypothesized that a targeted regional analgesic technique aimed at the location of pain generation supplemented with oral multimodal non-opioid analgesics could supply adequate pain relief following VATS lobectomy. We report post-operative pain intensity, side effects and patient satisfaction from a hypothesis generating prospective observational case series of 48 consecutive patients receiving a simple multimodal analgesic treatment, consisting of paracetamol, non-steroidal anti-inflammatory drug (NSAID), gabapentin and continuous ICC blockade for acute post-operative pain following VATS lobectomy.
MATERIALS AND METHODS

Pilot
We asked 10 patients, on the first post-operative day (POD) following VATS lobectomy, to mark areas of pain on a drawing of a thorax. Nine of the 10 patients had pain in relation to the chest drain site and two patients also had pain from, respectively, the apical part of pleura (ascribed to the chest drain inserted too far) and the chest area above the drain. One patient had low pain score and could not pinpoint a precise location of pain.
Patient inclusion and approval
The study was considered a quality assurance process by the Regional Ethics Committee due to its observational and noninterventional design. The study was registered at clincaltrials.gov (NCT01213654) and the study was approved by the Danish Data Protection Agency (Region Hovedstaden, Denmark). One hundred and sixteen patients were assessed for eligibility (Fig. 1) . Forty-eight patients scheduled for VATS lobectomy were included for final analysis over a period of 6 months. Patients able to understand Danish and give consent to participation were included. Exclusion criteria were inability to report pain (could not physically or cognitively cooperate to fill out pain reports), reoperation, conversion to other procedure than VATS lobectomy or allergy to local anaesthetic (Fig. 1 ).
Anaesthesia and analgesia
Patients received the department's standard treatment consisting of paracetamol 2 g, ibuprofen 800 mg and gabapentin 600 mg preoperatively. For induction propofol 100-150 mg was used. Anaesthesia was maintained using propofol 10 mg ml −1 (30 ml h −1 ) with remifentanil 50 µg ml −1 (30-40 ml h −1 ). At the end of anaesthesia, 10 mg of morphine was administered intravenously. Patients were extubated on the operating table and transferred to the post-operative care unit (PACU). The standard postoperative analgesic regime consisted of paracetamol 1 g 6 hourly, ibuprofen 800 mg 12 hourly and gabapentin 300 mg in the evening of the surgery. From POD 1 onwards, gabapentin was changed to 300 mg in the morning and 600 mg in the evening until chest drain removal. Morphine 5-10 mg or supplemental bupivacaine 0.25% (5 ml) was available on request when numerical rating scale (NRS) >3 at rest or NRS >5 when mobilized.
Surgery
Two surgeons (H.J.H. and R.H.P.) performed all VATS lobectomies via a uniform anterior three-port technique, previously described in detail [14] . Port placements were standardized regardless of lobe to be resected. A 4-5-cm anterior incision (utility incision) was made between the breast and the lower angle of the scapula in the fourth intercostal space just anterior to m. latissimus dorsi. Then two low ports (1-1.5 cm) were placed at a level corresponding to the top of the diaphragm. The camera port was anterior to the hilum, and the third port in line with the scapula. A tissue retractor or rib spread was never used. At the end of surgery, a chest drain (size, CH 28) was inserted in the anterior (camera) port and attached to a Thopaz pump (Medela AG, Switzerland) which provided a continuous balanced negative pressure.
Intercostal catheter
At the end of surgery, but before closure, 15 ml of 0.5% bupivacaine was distributed equally between the intercostal spaces from T 3 to T 8 as a PVB. A Mantoux needle was inserted between the ribs as posterior as possible but anterior to truncus sympaticus. This was performed by the surgeon using in one hand a sponge stick to compress the lung and the Mantoux needle, through the utility port, on a pean forceps in the other hand. The needle was connected to a syringe with bupivacaine via an extended infusion line and bupivacaine thus administered by the assistant surgeon or nurse as directed by the surgeon. After negative aspiration bupivacaine was administered to clearly show an intercostal bulge between the ribs. Guided visually from inside the thorax by the thoracoscope, the surgeon placed a 'Touhy' (18 G) needle through the skin, in the same intercostal space as the camera port, always keeping the pleura intact. With the Touhy needle tilted posteriorly, hydrodissection of a virtual space was performed, using 5 ml of bupivacaine (0.5%) next to the intercostal neurovascular bundle (Fig. 2 and Supplementary Video S1). An epidural catheter was introduced 15 cm through the Touhy needle along the nerve. The needle was then removed and the ICC fixed, followed by the insertion of the chest drain in the anterior (former camera) port. An elastomeric pump was then connected to the ICC delivering bupivacaine (0.25%), 6 ml h −1 . The ICC and chest drain were removed simultaneously when no air leakage monitored on the Topaz system (<20 ml min −1 in 2 h or <50 ml in 24 h) and a fluid production (not blood or chylous) <500 ml in 24 h.
Data collection
Scoring of pain, nausea, vomiting and sedation in the PACU were performed by trained nurses on the day of operation (POD 0) and by the patients from POD 1 and forth. On POD 0, pain scores were registered if the patient was awake and if sleeping the most recent pain score was used. From POD 1 and forth, patients scored pain twice daily at 08:00 and 18:00 h. At 08:00, patients also registered nausea, vomiting and satisfaction with analgesic treatment in the last 24 h. Patients scored pain during three activities; rest, getting out of bed and with both the arms spread out horizontally, including marked pain location(s) on a drawing of thorax. Patients were also scored according to the sedation level the first 6 h (0, awake and can follow instructions; 1, asleep but easily awakened; 2, asleep needs stimuli to wake-up; 3, no reaction to stimuli and no spontaneous movement).
Statistical analysis
Parametric data are presented with mean and 95% confidence intervals and non-parametric data with median and interquartile range (IQR). For data analysis, PASW statistics 18 (IBM, NY, USA) was used. For missing data (sleeping patients POD 0 etc.), the last-observation-carried-forward method was used.
RESULTS
From April to September 2010, 116 patients were scheduled for elective VATS lobectomy at Rigshospitalet in Copenhagen, Denmark. Twenty-three patients could not be included for logistic reasons, 68 patients were preoperatively recruited to the study and data on 48 patients were available for assessment (Fig. 1) . Forty-two patients had a primary lung cancer and 6 patients metastases or benign diseases. Patient baseline data including the type of resection and pathology are presented in Table 1 . The median discharge day was the third POD (Table 1 ). The mean pain scores 1-16 h post-operatively were as presented in Fig. 3 . In addition, the pain score on the evening following surgery when mobilized to standing was 3.2 (CI: 2.5-3.8) and when elevating the arms to shoulder height 2.6 (CI: 1.9-3.2). Severe pain (NRS ≥ 7) was only experienced within the first 6 h: eight patients in the first 2 h, three patients 3-4 h postoperatively and two patients 5-6 h post-operatively. No patient had a sedation score of 3, and only two patients had a sedation score of 2 (1-2 h post-operatively) on the sedation scale (0-3). No discharge was delayed from the PACU due to sedation.
On the day of surgery, 16.2 mg of morphine (11.3-21.1) was required and median two supplemental doses of 0.25% bupivacaine (IQR: 1-3). Pain scores at rest, getting out of bed and with the arm raised to the shoulder level, for 4 days following surgery are reported in Table 2 . While no anti-emetics were administered on the day of surgery, 12 (25%) of the patients still experienced nausea (Table 2) . However, the incidence of vomiting and pruritus was low (Table 2) . Twenty-three patients (48%) had chest drains removed on POD 1, further 12 on POD 2, 9 on POD 3 and 1 on POD 4. Only three patients needed chest drains for more than 4 days (Table 2) , one due to chylothorax and two due to prolonged air-leak. Patients reported pain treatment to be 'satisfactory' or 'very satisfactory' in the previous 24 h in 85% on POD 1, 87% POD 2, 93% POD 3 and 100% POD 4 ( Table 2) .
DISCUSSION
Using a simple multimodal analgesic setup, we tested the hypothesis that an ICC placed by the surgeon under thoracoscopic guidance, supplemented by multimodal non-opioid analgesic treatment, can provide satisfactory post-operative analgesia for VATS lobectomy. This may be important since adequate pain control and few side effects allow fast-track surgery [15] with early mobilization and reduced care demands.
Reports from VATS procedures do not always distinguish between VATS lobectomy and less invasive surgery [8, 16] , although an important issue since surgical time and port manipulation may be more extensive during VATS lobectomy, and thus could cause more post-operative pain. Reports of pain from chest drain in the acute post-operative phase [5, 7, [9] [10] [11] were confirmed by patients in the current trial reporting pain from the chest drain area in 85-46% on POD 1-2 and declining with chest drain removal. Previous reports are primarily from sympathectomies, single nodules, biopsies and wedge resections, which may only require chest drains for a very limited time or not at all [5, 7, 17] . Thus, when reporting acute pain following VATS procedures and in particular VATS lobectomy, it is crucial to report the presence of chest drains.
No golden standard currently exists in regard to regional analgesia for VATS lobectomy, which is likely due to inadequate details on surgery [6, 9] or mixed populations of wedge resection and lobectomy [8, 16] when assessing analgesic treatments. Though a PVB catheter may supply analgesia to a larger area than an ICC, an intraoperative surgically administered PVB is technically more difficult to perform compared with our presented an ICC technique due to the small space between the pleura and the costa with the risk of perforating the pleura. In fact, this could explain why a recent study in thoracotomy could not display a beneficial effect of an intraoperatively placed PVB [13] . Furthermore, the established golden standards in thoracotomy are continuous infusion via TEA and PVB [1] . This is not reflected in trials supplying analgesia following VATS procedures, where single-shot techniques seem to be predominant [5, 7, 8, 10, 12, 17] . Since 50% of VATS lobectomy patients have chest drains for more than 1 day [11] (Table 2) , single-shot techniques as commonly supplied be anaesthesiologists [6, 7, 10] may be insufficient, in particular if administered before the VATS procedure due to the limited duration of local anaesthetics. Advantages of intraoperative ICC and PVB administration are direct visualization of an intercostal bulge as the local anaesthetic spreads along the neurovascular bundle including the visual verification of the catheter placement.
However, the use of regional techniques alone may not be sufficient. Therefore, supplementary paracetamol and NSAID should be administered [18] . Previous trials have not consistently used such basic analgesic treatment in both active and control groups [2, 5, 10, 16] . Our multimodal regimen included gabapentin, since this has been shown to reduce pain as well as need for opioids [19] and consequently side effects from opioids. One patient in our study was withdrawn due to suspected side effects from gabapentin (tremor). However, a post-study analysis showed this tremor to be present already at admission.
The primary limitation of our study is the observational design. Nevertheless, the data presented are from a well-defined setup using standardized surgery and may serve as important hypothesis generating data before designing a proper randomized study. Further, we used updated knowledge from other procedures on multimodal analgesic treatment and supplemented with a targeted infusion analgesia for the area primarily reported as painful in the acute post-operative phase. Though data may be biased by selection (48 completed out of 116 scheduled for surgery in the period), many of the excluded patients would still be eligible for the treatment in a clinical setting ( patients excluded due to language problems, blindness, logistics etc.). As in TEA and PVB, our regimen will not alleviate shoulder pain following surgery [20] due to the localized spread of local anaesthetics to the intercostal space. However, the presented multimodal regimen with an ICC presents as a simple, low-risk, time efficient technique that supplies satisfactory post-operative analgesia for VATS lobectomy and at no extra cost compared with TEA.
In summary, using a prospective observational design, a multimodal non-opioid analgesic regimen, including a continuous ICC, offered satisfactory analgesia the first 4 days following VATS lobectomy. This calls for comparative studies with paravertebral and epidural catheter techniques.
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